Phosphoeno4yruvate
carboxylase (EC 4.1.1.31) has been used in developing a simple, inexpensive colonmetric assay for serum total carbon dioxide in an open system. The oxaloacetate formed by the action of the enzyme on bicarbonate and phosphoenolpyruvate is measured by use of the diazonium salt of Fast Violet B. Interferences from bilirubin, pyruvate, and drugs are negligible. Acetoacetate interference is significant only in highly ketotic samples, and a serum blank corrects for it. Serum protein interference is equivalent to 3.3 :L 1.25 mmol of CO2 per liter and hence is sufficiently constant to be corrected for by use of a serum standard or serum blank. The method has been applied to the Vickers M-300 and D-300 systems and within-batch standard deviations of ±0.1 to ±0.6 mmol/liter have been observed. Excellent correlation with orthodox techniques has been obtained. The specific activity of this preparation was 550 U/ml.
PEP Carboxylase Assay
To 0.1 ml of the PEP carboxylase preparation was added 2.9 ml of Tris buffer (50 mmol/liter, pH 8.0) containing magnesium chloride (10 mmol/liter), monocyclohexylammonium PEP (2 mmol/liter), sodium bicarbonate (10 mmol/liter), NADH (0.14 mmol/ liter), and malate dehydrogenase (at least 1 UIml).
The rate of decrease in absorbance at 340 nm at 30 #{176}C and 37 #{176}C was monitored with an SP 1800 recording spectrophotometer (Pye-Unicam Ltd., Cambridge, England).
This assay was validated for linearity with respect to enzyme concentration and incubation times up to 10 mm, with use of the enzymes from wheat and maize. was studied for the final M-300 total CO2 procedure with the Model M-300 (see below). Acetoacetate, pyruvate, and certain drugs have been widely reported to interferein aspartate aminotransferase assays with diazonium salts,and hence were considered likelyto fallinto category a.
Results

Colorimetnic
Drug interferencewas assessed by using the drugs found by Singh et a!.(16) to interfere with the Technicon SMA 12/60 diazonium saltprocedure foraspartate aminotransferase assay. These drugs, namely paminosalicylate, ascorbic acid, L-DOPA, a-methyl-DOPA, isoniazid,and sulfathiazole, were used in our work at the maximum plasma concentrations as estimated by the above authors.
While all the drugs gave colors with FVB at very high concentrations, interferences at the maximum plasma concentrations were barely detectable (equivalent to less than 0.3 mmol of CO2 per liter) and certainly of no clinical significance.
Interferences from acetoacetate and pyruvate were assessed with use of freshly prepared aqueous solutions of the lithium and sodium salts,respectively. The color development curves for the formation of the complex between these two substances and FVB, together with the curve for an oxaloacetate standard are shown in Figure 3 . Pyruvate interference can be seen to be low even at the above-physiological concentration of 25 mmol/liter. If the absorbance is read 4 mm after FVB is added, the color produced from a pyruvate standard of 0.5 mmol/liter (a physiological concentration)
is equivalent to less than 0.1 mmol of The PEP carboxylase content of 27 plants was assayed in our laboratory and, largely as a result of these assays, enzyme preparations from pea, sorghum, potato, maize, and wheat were prepared in our laboratory or obtained elsewhere. All preparations were lyophilized except that from maize, which was stored in 60% saturated ammonium sulfate. The preliminary requirement was to ascertain how much enzyme was required to convert a given amount of CO2 to oxaloacetate under specific conditions in 6 mm. (The 6-mm time limit is a consequence of the fact that the reaction units of the Vickers M-300 and D-300 take 10 mm to cycle from initial dilution of the sample to reading of the absorbance in the photometer.
As shown earlier, 4 mm is required for complete color reaction with FVB. Because the FVB reagent completely inhibited the activity of all PEP carboxylase preparations studied, and hence could not be included in the enzyme reagent, it was necessary to enzymatically convert CO2 to oxaloacetate in the 6 mm available before the color reaction.)
In pilot experiments we set out to find out how much PEP carboxylase was required to convert 0.2 tmol of bicarbonate (equivalent to 4 zl of a 50 mmol/ liter standard)
to oxaloacetate in this 6-mm period. 
The rotor indexes one pocket clockwise every 12 s. The sample is transferred, together with up to 2 ml of a reagent, into the reaction unit via the transfer diluter system. Up to 2 ml of each of six additional reagents can be added to any point during the 10-mm period taken by the pocket in indexing round to the photometer pick-up station. The final reaction volume can be 1.5, 2.5, or 3.5 ml. After this 10-mm period, the reaction solution is drawn into a Vickers Mk 2 or Mk 4 photometer and the absorbance measured at any wavelength between 320 nm and 660 nm. The pump number referred to in Table 2 is the number of the pump set inside the reaction unit, via which the reagent is dispensed. The reagent addition position is the pocket into which the reagent is dispensed when pocket 0 is 
The oxaloacetate content of the mixture was measured after various incubation times, by adding 1.5 ml FVB re.gent as described earlier, with use of a blank consisting of water in place of 50 mmol/liter standard. These experiments showed that with the wheat, maize, and sorghum PEP carboxylases, at least 0.2 U (assayed at 30 #{176}C) were required to make the conversion in 6 mm, either at 30 or 37 #{176}C. This amount of enzyme activity was also found to be sufficient when the pea and potato preparations were used. To provide excess of enzyme, we used a concentration of 0.3 U/ml in all subsequent experiments.
Rudimentary Total CO2 Method Applied to the D-300 and M-300
Having optimized the FVB color reaction and ascertained the required amount of enzyme activity to convert the total CO2 content of 4 tl of a sodium bicarbonate standard to oxaloacetate in the required 6 mm period, we had the rudiments of a workable CO2 method.
However, there remained the practical problem of how to remove CO2 from and keep CO2 out of the enzyme reagent before and during use. to give a final concentration of 0.3 U/ml. Expel air from the container and seal the pack with a clip. When the reagent is to be used, attach the pack to a reagent line on the reaction unit and remove the clip.
The plastic used in these packs allows slow permeation of atmospheric CO2 into the reagent. However, we found that the buffer (without enzyme) could be kept for up to one week in this form before significant quantities of CO2 were absorbed. Reaction unit set-up and results. Using the abovedescribed procedure to prepare the enzyme reagent, we ran the method on the D-300 with the reaction unit protocol shown in Table 2 Figure   4 ). Although the activity was slightly higher at 8.2 and 8.6, we continued to use the enzyme at pH 8.0, as all oUr previous experiments had been carried out at Outer channel sample (diluted fivefold) Tris (50 mmol/l, pH 7.0) containing PEP (4.5 mmol/l), Mg2* (10 mmol/l) and PEP carboxylase (0.6 U/mI) Tris (50 mmol/l, pH 9.0) containing Mg2 (10 mmol/l) FVB (6 g/l) in Triton X-100 (10 mI/I) photometer pick-up station
Inner channel sample (diluted fivefold) Tris (50 mmol/l, pH 8.0) containing Mg2 (10 mmol/l) FVB (6 g/l) in Triton X-100 (10 mI/I) photometer pick-up station "Absorbance measurement wavelength, 520nm; temperature setting, 30 #{176}C.
The inner channel is used only when the method is run with a serum blank.
this pH. Initially, the enzyme reagent was prepared at pH 8.0 as described above. However, it was found that the stability of the enzyme was rather poor (about 40% loss in activity in 1 h at 22 #{176}C) at this pH. Stability improved with the incorporation of dithiothreitol (10 mmol/liter) into the enzyme reagent (16% loss in activity/h), but the expense of this chemical outweighed this advantage. A plot of stability vs. pH ( Figure  4 ) revealed that the stability improved greatly at lower pH values; e.g., only 1.5% of activity was lost in 1 h at pH 7. Hence we decided to keep the enzyme reagent at pH 7 but, because the enzyme possessed very low activity in this form, the final pH was adjusted to 8 by adding a pH 9 buffer in the reaction unit. Final concentrations in the incubation mixture were identical to those in the original enzyme reagent.
Final M-300 Method
Reaction unit protocol. Incorporation of the above into the final M-300 method led to the protocol shown in Table 5 , which was adhered to in all subsequent work. It differs from the initial protocol (Table  2) as follows:
(a) use of the enzyme in reagent form at pH 7, followed by the addition of a pH 9 buffer (both these reagents have to be rendered CO2-free as described earlier), and in the photometer and the absorbance of the test read against that of the blank. The blank reagent consisted of 1 ml of Tris (50 mmol/liter, pH 8.0) in place of the 0.5 ml of Tris pH 7.0/Mg2/PEP/ PEP carboxylase and 0.5 ml of Tris pH 9.0/Mg2 used in the sample channel (see Table 5 ).
Recovery.
We assessed the accuracy of the procedure run with a serum blank by diluting a control serum fivefold with bicarbonate standards of various concentrations.
The D-300 was calibrated with an aqueous fivefold-diluted 30 mmol/liter standard and subsequently the diluted samples were assayed about 20 times each. The results of this experiment ( Figure 6 illustrates the correlation between the two techniques.
We concluded that a blank was not obligatory for routine use of the method. 
Discussion
The development of the present procedure has fulfilled a long-standing requirement for a simple CO2 assay procedure that would be applicable to discrete
Within-run precision. 
